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Zomm (12) ±£tttzWm&2tvfcW&mmM 

(i6. is. 20) &£Tfim&mmm (22.2 

4 ) £WU (22. 24) fcBUcfi 

^tbmhwi (i6. is. 20) m±tzEam&& 
fcwussiBs^j: ^xtmztim®m%-vm 1%^ 

fc&fc, «9£eS8te*1EJl (16. 18. 20 x0a 

Rcottmzxnxmri-smmwa ( 16. is. 2 
K24) c7)-{it#ft-^,» 1 mmnmrn < 1 

6. 2 0) tU»t*«8Biji*m*«9J&«ltiB-3fc» 
fltffl»jS#fc*fLT. *<0+*^Hfflt»«« (24) 
<^»fc#^SJB2tf)«ffi«»tf (18. 2 0 Xc 

mnzKimmz^ixzcDwsmsi^-v f ( 1 o ) 

[000 1] 

L, #C. GMRM (gi ant magnetor 
esistance) %7jii"$$\1tffi\^?zMR (mag 
netoresistive) ff^^-y VlZfflf& „ 
[0002] 

im^tm] mmmmfti,z}i^xwmm%(vmR 
uz .mttt. m&nxmmtm 5 0 s a 1 9 a 

^S^UBMWSS 19 3 0 3 8*fcli, DMR ( d u a 

1 magnetoresistive) S^^-y F 

B£^«yFJ±. ftJfrOSMR (shi e 1 d e d ma 
gnetoresistive)^-/ FtCit^, 

^'{Jta'^TOJSM-by^iS^-y FJ2. ^-vo-f 
(N i Fe ) m&n&ti&Wtfffi. (AMR) fc^ofc 

[0003] ^^2. 3^«c ^±mmsii 

(GMR) tLT»4><lifl-H^<O|M;»* t K40, W35 

A^T'V'-g,. CKOGMRfi. mtt^iiO^Z. AMR 
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y^Fn-Ag£<0$&Stttt)8li:. .TOSSjSgttMtfc 
[ 0 0 0 4 ] mmM^-y F t LTOGM R^mfiH 

tf±z^mm. mmz%mix®m.m<7)m*3:<m 

( AR/R*U 0-2 o%t=aw?it ) 
^sv^fctSB*-*. atto*#ttBffffi£i (am 

10 R) S6**WfflLfcfi63lW)MRK-CttAR/R*mHr2 
%8BtC**<0fctt^:**ilV»T»4. -jRC. GMR 

J&DffiJ£ttffi*<;e GMR^lHtMvC. 

t>l. GMR^»Ji<7)ffifii^®lr<K<-r^Wi, 

mzitx&mcom-{ti®frZit. aflww&fcawo 
mum^mzth . 

[0005] *II#tfSI5 1 595 1 3-5H>:X«lt3S 
5 2 0 6 5 9 0-9t«SS*l4 J: d $:3StK-y^*£ 

20 ££Bfcwt, *MB«fftRiKL-tGMRSMI*^-^JI 

[0 0 0 6] 01 {i. iJlfflGMRtfeWC. ffi&lSflfc 
a#Hfc^6BS«fiiR<0JSifilMR*7i^-. hXr'J 
30 ^XttHfeWiS. W±<oyA-f^-/9Vy=JX'WLWj:d 
R/d H«*£f»SCIi» Hw3ft.fcA*>r TX^.t'GM 
R£«J«£ft*5tf4 . A4 7X«#Hbtt, 126: (H 

afc +Hk ) /7"2. t%fr*>. WB&Hafc /J~2ifi& 

mzti. ztuzxix. MikZftj&A 5&m&®&z 

•It. sin^i * J {5(Jl/^2t^l,J:?(C-ri.. fc« 
L. ;N'?-Wfc$ft*v|N$&GMRiS£^y H»=FT 
ti. Hk S- (Hk +Hd ) TW®t&. ZZX\ H 

^c#<. Witfl 0 0-2 0 0OeT*4. 
40 [0007] r<ftjST1i. GMRfcBW-68Bf»iWB 

<ow»t=i*i»t4>n , cv^. ^raws-&atffHafc 

A R/R*^# V^f4lc J: -jT H*i»«A R/R 

(f. AR/R#4~5%T"£>-3-CHafc **5-10Oe 
& A R/R/Hafc cOg^;ffl*^#A,ilS i t #ft 
S^ilTV^I, (Hy 1 ton et a 1 . 1 9 9 3^ 
IffrsciENCEj, vol. 261. pp102 
1-10 24) . L^L. iOJ^fcSfr&fifcHafc 
A R/RcO">iVN— l^'v./Kj;. -^C. ffitoT'h?^ 
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«a«#Hj (x, y > ^sia^^-t. uasefiis 

tfftfc. Hj (x, y) {i, S8S^SJC0#fiSramp 
/cm! fcuy§£. «Br(2»/5) JxOeT'flS 
ftft. 

[0008]«afflWHj (x)tt, RW(x = 0) 
fcHLT£«#*:3Wift. f&fc*>. H j (-x) =- 
Hj (x)T*ft. iflHU HltC^-t-^W^TX 

zmmtfmzix o k+imwumm < x . y > 

*ffl>«*H.ii-. (x, y) = [H.i« (x, y)+H 

S i S (-x, y) ] /2h\m*m%<r>x°hi. mm 

#Hj (x)tt. sintfj (x)*««BrHJ (x)/ 

H a fc tfc*j:d4««aitt*A>fr^ft*^*»w 

Hd oT^Sft&V^fc-C&ft. s in 

<9 j (x) nwtt%m*h%<r)^n± s eu\ l zts:hfrL,x' 

hi. s i n<9b s6««Q:i/V"2tfl!ofc-* 

Wmiz) , =JNWft&0#«#4>iift. i<0<94hffi 
tt. GMR£JMt«AKteJ:oT£ftft£fcj&*?&S. 
Hj-«a, =Hj (x=T/2) ^Hafc T'S>ft*g-£\ 1*1 

SGMR^-f rx#fflcti3«o£*#£ t ft . 

>f T^tfjWfejh.ftA* (I sind\ il/J~2 ) . 

tsiw-ft (i<?i nmi7c/2) . iwiasr^r* 

[00 0 9] $3fc, S^nyJ3lT<0h5v^«<0lHHaf 

;pyGMR$r 1 0 7 amp/cm* Ja±tf5«afflP*Ti(l 
ft$-t*-ft£g#£>ft. ^L&^i+tf&fl-^l^MC 
VkLttW B4fi^O**Stt«a**fc:iI«RBltft 
GMRIH^vHTti, ^SrlWAR/ROflj 
8*»Tlfi$rl80»ftfctf>fc»i. UEfcRWcolSSafftJ 
•CIWeLfcWtff&feSrH. fflitf. HST=4 0 0tf 
>^XhO-A<7)GMR£«J!T'liHj-Bai S2 5 0e 
4:V^fcJ*^i:«rft. 2 50eJJU:OH.fc £*-fftG 
MR#flli£3^ofc*affl?*"CiWW-ft*£. 

ftffl "HBSr A R/R j&Sf L < 1ST L . mg&M -f 5 -x 

? u y vwkhti . n^m^co^mmm^ipmsa lxl 

£ o . 

COO 1 03 

flAM RJg-^G M RX ty^^, — SHc; N'-f § 
*lfcGMR£JBR£JH^Sfl!3lW>MR^'y KlCtt. Vv? 
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tllzt 1/1 0 S^nyffi^MRy- /H-'^-v 

■tt z 1 atmmiznmzmmx'h-otc 9 . >-;n<« 
j§#mr&ww 7x£jwtftRtJ-aatsi£8W>T t 
*3tvoraHtftft. 

[0 0 113 H*fcAV7*S*lfcGMR#RRfcHL, 

10 T . Stti < <£ffl$ixft#»fe EJU TX 

^jfl^ft. c^-feyxmase^Mrxti, flu.tr, m 

(cur rent shunt)«ttHSi 
(magnet ica 1 1 y- soft — adjace 
nt-layers) fcV^fcAM TXJSSrftjDWtif 
*fft£i:fcJ:oT£j*3*l4. Hk #4~50e8* 
OSattBMW'hS V ^ AM RJiO^T'^ . i 
<»4>*vC^ft i^v^fclWRJIfeffl^fc/^ 
T^^ffiTJi. 7*«8fflHS£ 107 amp/cm 

20 SW^ft. id-WUf. MRf|ii^)ft§#l S?Q>Ul 

Tt»$ tix i>mmm < , fr^t h««o^?*^B4 

^ita2ra«-rft i t ftT'fe^) d . fejtf 

JtS&OGMR#«Httittft««»flWr 

C00 1 2 3 a 5fir»iw*ii«s*ft wi. fra> 

L^i-3(C. 3 0—1 OOOegJgiOHacf ^^TtftG 

MR^mm^Lxmm-ttnix^\ zntzt 

->Ts x-/l-FGMR^a^c7)+^o-«^N'>fTX 
K^SfcS^ft«8Baf*<0l'^*»±#L, fg@, rt» 
30 AMTW^liWtS. Lfri>. 

ttMz X o THRWfc: m Rmzmm$s.tf± ts:t*> 

[00 1 33 GMR|HJHK*J^Ts i n<9^(3(5'l/ 
V2 fc«rft-«*A>f T^«!B**»* U^Ji, i<?)tt 

JB-cii. v^««^ow»«^&taa9rt-ftBffi8« 

/r-f *■ s ■/ 1/ y : J Z&klz? ft c b tf? $ ft *» 4> X' 
h ft . i a ^ -3 ^ N'-f 7 *tt»S: ft £ t **V 
SltT* ft 3Wi£*l4 T1§m«Ji * . L*> L . 
«*fl*W*fll#8»)«4J'H.i«-. (x, y) = [H sis 
40 (x, y) -H sig (-x, y) ] /2£«tHrt-ftfc*> 

fctt. Mi.tr. GMR^jiBkortSHs^mieaB'^ 

S ig-a co»*^L<^'5. ^-fiX^m^-thZb^z 

x -> xmrn^mzmi^fitzWi^^h z t ifx-z 

ft . ±3&>%B!fflm 5084794^i; XGEH^I 
5 1930 38#lciEaS<tftJ:3lc. DMRIi. MM 

»w&ae^7xMR'\-y H?*-)TH,i,-. ta^r 

iES$rf'Jfflt-ft i>cO«0-^JT"J>ft . ZCODM RftL ffi 
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[0014] #»5ili. SE»J««SaE«<04Hff-C«*«I 
1*3ft4i'-/l'FMRH£^Ftf>SfMc&fcoT. JBE 
SWAMRRfcftiT. GMR#*]R£fflH4Bifcg*> 

/9*i4±iB«raay[*55EiW4 i t * a wt-r^ . 

[00 15] 

fi. ftgB-fcXX«SEiE^7;*£fflfflLT r GMR — 
DMRj 'Vy F£r?I;4"3~4. y-^H^WGMR^I 
tt . £aW*«SM?*fc J: -5 T S£fc g B> U TXWtP 
lft>tl. Lfri. ffa<0*ll^frm5 0 84 7 9 4-^ 
*BI#i1 : ^5 1 9 3038-vt^§ixi»J:^t, gfi? 

[00 16] ^Cim^GMR-DMRA' 
T^«flsKIBT« . B!*0KII«ttfl fclfcWf G M R 

>7 4 XflttES-^S (complex single 
— domain— stabi 1 izat ion/Bar 
khausen— noi se — suppress i on 

cDiSS S ? oyt-f Xfcrjg L£GM R - D 

MRantfcjMW-4 4. :©irrs;n^ 

-fXWlflRSftiltf, t*^ffl6%MR\7K 

[00 1 7] lilt O *JWHt«t*llf. GMR 

-DMR-ty-ti/cJiGMR-DMRIf^-y F(i, S 

xmmmmm±izmmm^±t^. zozm 

ffiSft.4rt3^#fftaU3r^i:&C, ^D^^Stt^ 

firc«Sfc£4ifc4fIIB£JI»3ifc. iOSIH^JBflfiit 
£*«8Bl»r£fc485KcJ:o 

coflfiTOtfiRSEtS » 2 <?)J8tt#mJf S¥Cfcff4SffiiI3ia 
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^LTCOHBWSfii'Vs' KC£t4@5«fii3«fc£* 
»*4#a 4. 

[0 0 18] Zcr>£o%GMR-DMR-ky-*r£tzliG 
MR-DMRS^7 FT'Ji:. ttUBtiKfltt* 

zimrz>zttfX'Z&. 

[0019] wfflmn&bmiWBM0Rbii&ri, 

io i>mtx&z>mm^b\ ^commmwrntm 
mfrhmm^ n^wmmt (n-i ) k^nks 

lilW fc Uc&4 ± 3 1 2 fitdhWiT v ^4 1 J; 

w zn^mmz+wzw-^mtitf. mz. 

mmfr^%&%ii3£v : m2®mmiz}5iiz>vm 
a*m&a«4«K»ofc«jft«^t)fi#*sv^(c*u 

[0020] 

[HUM] 03fi. *jra«mSt*0IW*4GMR- 

20 DM RH&A. •/ F ( -fe V* ) fltift 1 0 tfD»fffilI&*-r. 
£K 1 2<D±ffl«2. 2 NftOGSttg«f i: , ( 2 N - 

i ) mimmm%2 2ttf-$.mzmM%tix^h. 

£K 1 2 tStt#«l (OiatzttiMlff 1 4 
*#fcS-£TfcJ:v\ Ktt^miJi. MffigftV 1 6, 
1 8^«ttjWi2 0fc-^T^4. ^KBtt»1OT2 2 
WlWUJi^flWi, £S±. rt«ajRl2 0«0*fifc 
fcfiHrc*4. «&MS1 6. 1 80iffljj£i. £g 

±. rtgpjsm«2o<7)-e^tRaT'j)4* j . musAi 

16. 18<D/!W±, rt««JMi<OW*c^i|i^-Cft 

30 4 . mmmm 1 8 co±sc{i , mmssi*^ k m ^ 
wvmm 3 o *g»«*i4 . z&wftm&M 3 

0<0±HCU, «»SU-K«jS3 2, 34^N^-y*« 

[002 1 ] -SC. #«<0ffl«^Jf *SK®t4i k 

Cj; oTGMR-DMR\7 h'^tftt^'gji-ffcS^. 

J: oT. Witf. «r^Stff3S0EH.fe ^fcfeS 
S*ffi#t4flaRAR/Riifcfeti-4ii:fCS4. 
1MKB1&IM1 6. 1 8(c«±. r- Njt r N .jfc 

40 ^tz^mmzti. rtawswi2 0fc:tt. 

^tVXdf V^Stf o Xmm. 'J - Hffijt 3 2. 3 4 OA' 
[0 02 2]E14li. GMR-DMR^Jl^aWfS 

ji * ^-as^HSfflB-c* 4 . c nmz&rfi ^x*m&m 

4. N«i2ffSS-C'*)4. i»!B&(BWHW4 

50 £K1 2. OfMl 4. ^vStt-ft«30. BSE 
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'J — H«Jt3 2. 3 4Uw$iVOvfirV*. «MW)#»tt 

mmm 2 a z m.&t ix%m®m<r>&®5*,mz 1 ~n 
oitm*t*m>*ftmm9M2 2. 2 4\m*-s* 

»o. vvtffcfc, HRK2nmBflrca*. ^HUBMWf 
16, 18«Jf^t N -t-iittrtinMWI2 0tf>«*t 
tf>tt¥#T* h . -y H Tli . G M R - D M 

R-fe 1 0 COX h y-i r#[S]<7)iS§ Um 1 J" m 

[00 2 3] HRte. ttSUI 16. 18. 20{ifi8^<7) 

1 0 o e ott** . mm 1 6 , 

18, 2 0J2, fc^nA^K --y^fc^O^T* 
oT. lJ^tf>£AffljSa>fc$r*2JIi: LTiJv*. * 
©tt#««2 2. 2 4tt. m. ZtihO^&tf 

[0 0 24] 03fcit>'ll4tS^#||^$ix|.GMR 

-dmrw^-x v<mm&£vimM&zmmtm 

tSK^ritli. GMR£*fcfett*ttttMHtftf|-aEJI 

[0025] Kafc COS (0n -0n+l ) +Kbqc c 
OS 2 (<9n -<9n+l ) 

COSrCli. r R?SiSttf^68#J Hafc tt4Kafc / 

(Ms t) CJ:o"rje«S*i, r4j»fr&B»j Hbqc 
(i8Kb,c /(M 3 t) fcJ:-?T5gll$ill>. ££T, 
m s (iiSttl^fn^rai). v^4<oki>E>, ttfc* 

%zb*mtt\f&emmtimrc\ l *h. -e<7)Hb<c 

t>^£S. ZixtX'li, *0>BQjma&4WIUlau <r> 

*m&mcoiii®%immm^ixuz> hti 

[00 2 6]H5I±R-H»jgtl**t. ClCTIi. « 
m®Z (yttC»->fc)*rtiK|ftiV>"CV^. fcrtfU 
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<9ifc£2N = 1 0 1 LfcN i FeCo-CuOGMR# 

4ttMs = 8000G, Hk =40e, t = g = 2nm 
fcJ:l>'L = 1 2 S^offcRjgSJifc. ^=5r^ <5>» 
-A*) fc«fc41WK:SHfrr*fctf>fc I 5 R I max/ 
R = AR/Ri=ttLTr-*«i*ijES*lfc. 

( AR/R) Kfctt&SO l/3<7)fli/Mh 
10 «SWf*J = l. 25X10 1 aip/cm' »«t 

i* 6 4 rtiHs y^mas bam 

H4^tv-f ^natt^^S ytcottmz 

ttcO^a^XBfclJHBi^-* H. f c = 4 0 O e S-fflo 
T. Hb,c =0 ( Ky htft) ^Hb,c =H afc (^-y^- 
a«) i:<R3&t*. Hb,c =H»fc Oftgaaiftfltt, 
^r«JK«"t**»fc*J^r. WK§*lfcAR/Rtf> 

20 

[00 27] mz. Hb,c =H afc ^aSlz-ygy 

Hb,c =oxbz>m&i / zmi&miz^wztiimi$i 
immnis mizmztitzGMRmom&iftfw 

*Hj KSlt«*>feT**. Z<Dii&Xi>. Hb, c =H 
afc Tlii^taillfclBilt^aflltHSrt-*^ H 
bqc =otf)«^t«. ^^t^^^-RL J fl^v\ 

[0 0 28] 05<7)^aSU-X3 yfcfflV^iTJtV^ 

^ nattt f ^*aati«fcjiWM-6 1 . H4 tc*t«t 

40 K-N^n*0^N) t,Z&li&¥*W TXlsKtK 
s i n<9„ > (iiT. Oti^S^Lt^S^fe) 
A^TXW^Sr^t) SiEWt:J3lTO3»:*S*<i0j» 

[fKl] 
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9 1 0 

(sinGnMl + (H bqc /H sat ) (2<sin9 n > J -1)] = Hj n /H sac 

«sin6 n » < 1) (la) 

Z. C "tf 

Hj n = sgn(n) (2|n|-l) (g + t) (icJ/5) . 

(H Jn in Oe with J in amp/cm 2 ) (ib) 

H sat = (H afc + H^J/d-e), e = (2A/L)tanh(L/2A) (lc) 

A = [(1/10 (2N-l) 2 47IM st g + 2A/M S ) / (H afc + Hjc > ]*(ld) 

t N /t = r N = (N-1)/(2N-1) [1 + N/(2N-1) 2 

(l+H k /H aec )/a +g / t y] (le) 



arc +Hk oft^ctt. ^ ( i ) man. L^ffi 
< ( m t (f . i u mar ) . j *qaat wv * ( «*. tr. 

lO^ amp/cm* JJLh) HfflftW^TCjEH^ 
ffl$r4^l.^i:* J T'#l.„ 20 
[0029] 
[»2 3 

tw/t = r N « (N-1)/{2N-1) - 1/2 
S(le) &&MB£mfct&£lt. ZcoXm&Zit 

, ft^fflllSttii(irtffl!lKtt«^(3{3'^OJi^ 
UpflLftv\ ^ftt N = r N tIKsin 
<9n>i; ntwmOMztHlr i><7). M 30 

£JJ\ tN = t^Hafc » Hsat -Hafc t^ltlg&r 

Wtmt&. £«Oi6iW3$ (la) T'{S»4>il-r. GM 
R-DMR^ yh'COMm-^rWfc^l.. ^^K:^-) 
T. ^«0^6*{±. PUfteSSIfr (coaxial tra 
nsmission line) SrjSflltflJBrbRSt^ 

[0 0 3 0] ^*ODMR<0j:3Ks GMR— DMR-fc 
VTO. ±fc. «*iaHi#flE#H.i«- a (x, y) = 

[H.i, (x, y) -Haii (-x. y) ]/2«>R#t 
ftjfcfrfcJSg-fS. ^7^--:? Ate. Hsi*-« (x, 40 

y) ^xr>x§mmmm»^>^js.^titim^msRi=*t 

f-*GMR-DMRBBWS»££«jJIWfcSU ^ ( 1 

c) tfcttSieJi, ft*$MPe = lfcfcffELfcGMR 
-DMR<^«ffi!W£ifi«Wfc*i-. 06 tt. N = 5 
tJitfl OtftoT. Hafc =20. 40. 80Oe. 
*CDMCDiWktf)%^7J<-?m4Ji:Ms = l 0 4G. H 
k =50e, t=g=2nm. A= 1 0" 6 e r g/ c m 

GMR-DMRA'>(7X1/\;P | <s i n#„ > | £5t 
(la) ( 1 b ) <0 I n I HK* 50 



ssfc* r fiSj >^rxmaJopt is, 2N 

/3^n' ^NfcSJEfftifctt Ksine, > I =1 
Jet -LftKfcjjrf. 

[003 1 ] WWlBttBSBSSSS&a.. * 

9 mmu± . -f 7' 5 7 o y<7)B4 h 7 ■/ 2? (S*^J^Tfc 

&£V : ffl7<7)&m3.. GMR-DMR^'ClC0^7*5^n 
>*FW?S SI6SC*«WtCjS LTV > S*5S*SBuC& 

^zyxmW&lS. (ffi2 x 1 0 1 amp/cm 2 ) J„pt 
£S§l£-tS.ri:# J T"#l>. Jo P t £7)±#$t4L 

<ljKm«o^»Sfc»LT*£9l»S5g»t$r^. i 

glA-f7XMRW*DMR) ttiMLXl>^li>Z 
kXhh. Zr>u~>tz Wlfccr> |5/^7^7H tli . 

mm&UTXZn&tlMZ. 10 8 am P /c 

fc$iiS„ /J^JffjSSSSrif^iiii&tilBWWillFSS 

-DMRtffli. HRBWr«^Ttt. SS^^-^A 



1 1 

Hum (£ ( 1 d) ) kmmiiZ>l»Z\>iZkipt>&.t 

tltZjt -OX Jopt fcitf Hsat It S ( 1 c ) (Id) 

LT0«$*i*<<>*S. e = l^<^*ISIti:Jt 
SLT. GMR-DMR««ft^fiV«|-a^!M«i. CI 

[0 0 32] t'Oj; d^MR^-y KTt) „ ff^ft^K 
^tSitWBWWftKtt-N-y FOIST**? MH*JGH»F 

(A) CPILTgWCiBflJiiS. COMiStet Hfli 
5UR (A)/AR= (Mr S /Ms Tn ) [ ( 1 -e 
xp (-2nd/\) ) /2nd/\] exp (-2k 

d/A) f (a) *»4.jais^ii. znmimi. IE3S 

•5, dtt^Ffcit^flffloiaHL Tn = (N-l/ 
2) tJiSgGMR-DMRJf ^^T**. h 

A'REHRF (A) (i s 1*tifcKfc^rfflT*-jT, 

[00 3 3] H8(i, S-?S$L = 0. 7;umcOGMR 
-DMR^-y KJCtft&F ( A ) ^tittf-JUSm*** 
t. 07«OJ:3^, Hafc =400e, N = 

5*fcttl 0, Hb„ c = (0, 1. 2) XHafc , N = 
5*fclilO(3tfLTJo»t =(2. lifclll. 4) 
X10' amp/cm 2 ^*Of6*9_ti£tf>.A , 5.X-?il 
tfffl^&flS. N = 5<DfflHiCDF (A) Wt-^ffiJi, 
N=10Ofc*Ott5 6%8jjtC*S. @6£jjrfffl*f 

F (A ) T14. N=l 0TS)oTA=G " = 0. 0 60 
#mfcJ:l/Hb,c = 0^§£{;:«&£fU>-fe*n (nul 
1 ) (i. ^DMR??£3r-v-y7G~**G " = 4N (g 
+ t)/3 = 0. 05 3umiZif^:*)^\\Zki^-t. 
ZOO. 0 5 3/<mil^it^yri±, ^ ( 1 a ) X 
"fMZtl&W&WTAWB Ksin9, > I = 2 I 

fcaeu s(ia) iz&tf&imm-frHtxic mtzciz 

-Wj'W Txy'ny J\sZi>tzt>l . flSSDMRS 

[ 0 0 3 4 ] * ( 1 ) A^&fc^fiHI^itJtJ: a 08 
fctt, GMR-DMRc^|f4i#tt (fti*L<«, 
*fct4F (A) <0£-?SII) fch #(;Hb, c SHafc 
+ Hk 40*^. ftiOHbgc OSWfcSftfcV*. &gO 
*fr fc i -o T . 4 JJote^«<o^H8»Sr*»CS^< 
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1 2 

*<7»li. HfflflWrGMR^JBtmSitu^feBWSL, 
o . II 5 1 J: 3 1 . 4 ate^oSPfcfc J: o 

x. ertr (H) jesiaifcwi«wks*L4. t=5rfc*>. 

fc&fco. -ffttJ^T. H b ,c =0<0^tAMR-«?» 
GMRtSilf-SflairtlR (H) £<3ai4>*l&« 

iSt&<9S^£ffli$(-fl>. «r*U4, IfCGMR-DMRK 

[003 53 08fcfcL ZhlZ. N=10, Hbqc =0 
iL£GMR-DMRffi^i§£fc|s]t<Ifi94;rMs . 
Hk . Tn tiXVG ~ Zm^-Ml&fcCD AMR-DMRIZ 

mhv (a) tcr>imt>^zti$>. ftw^rx 

V<)V I (sin9) 1=1/2 ( |< s i n <?„ > 
I ) =1V2) =0. 3 54t^«'frx8<t*. AMR 
-DMROi, Smith et al#1992* 
Mr r I E E E Trans. Magn. j vol2 
20 8, PP2 29 5~2 297fcftj£**JWfafcfflVvC 
*ajS*tt. ffl^*tfe^T2 5%ffiVW. OMR- 
CM Rffijft;:*f-f-l>F (A) OX^WUBtttt. ^fli 
A M R - D M R a. y K tJJtJ-gC L . S^W^^SS^, 

¥tcw lx zti ccDmmtfmmzmmx'h izt 

JJE* t 4Wt4. -C0j±f(4, «ra<03WB«ffr»5 19 3 0 
3 8#tE«Sit*. S4>C. AR/RjWifflOXg 

j*^a»w*tt3wai»* g m R^i^^-rT'tciis^tfe 

i>tlKte;i:li (1-=5ri5*>Il5t*1-^) $r 
30 #«t*Uf . GMR-DM RM±^ v H(i. lift^S® 

[0 0 36 3 GMR-DMRS^7 H*>4>#^itSflJ 
^Efcl±. ±MC0i>C0<7)fli. Whhy-yftii&MRW&'s.-y 

(SBtftSKtc J:6 ) S*ffii#flKfiat«3»5Ett»36« 

SSt=5rS.^lt^ ia^^TXGMR-DMRiO— 

lt^LTen + ^n + l=)r ( H4#K) XmtZtl 

dn ±jr/2fc|&JVvfc) «. MRS^co^WMa^at 
■C«**»4><i#«SK*i&^±Jf . ten h y -y ?(HI(: 
i^WsS-TS. ZiUZk^X. f-^ih77?MR 
*-f t ft 4 £H h77?7"n7 r ;WCfcUTJ!£<a 
4.*i4ifF4 L<«rV^«*tt*l*Sr4;fc3& t, CS4. 
[0 0 37 3 H2(C. Sa/NMTXGMR-DMR^ 

50 -r^rfc*), d- a = 6n ±7tX'$>lC0X\ Ziib 
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1 3 

vmm&GMmi£tm£. wri ft . £ 

14. #ZS*H4. ffl*tc (&ftW4£T<0«»n3:fc{4 
«Rnfc*tl/t£iIl/t) . ftk&EtmWTZtt: 
{4 r A — DMRj ^7X£fl§j£U .IftKct oTZ* 

Rfl*jR#H.i,-. fcJoT^3*lftfiWKfc*«- 

[0038] Smith et al*>'1 994$3fl 
Mr r I EEE Trans. Magn.jvol 
2 9K«S^4J:at:, A-DMRflBtJ4«h5-y^S 10 

4«fc*4««tTI4*< . #*fcM 
i»Ctl4. A-DMRffljttctoT, 

FH** £ fc ft jftTfcft . H 5 1*$ ^ 
*C. ftTftH^ffi#d (JR) /dHtfiflfjfc-fftOtt, 

,r <o j; a **^*rtiofta*- Hite^iEWf 4 t 

*ft„ tS^DMRTtt A-DMRA>f7XR!B*1n 
8tf t Lit 0 $5&fc Lfe «3 * ft 1iib£imBm&&Sii> s & 

mttch-hK GMRmmx'te. B#*>«s&stts-&fc 20 

SKftSfift. 

[00 3 9] 08tC^tGMR-DMR<7)— MttJttS 
SSHIt^7rG*=0. 0 6jwm(l fc^/JK^ 
(AMR^^(4GMRSrfflV>t) ^-^h'MRfflJgcoH 

iz&Wth itttHty-A- F fl§ii#> 4, M R*^ * TO 
W£ft*i^ft^#£fta i £> GMR-DMRS 30 

£*>yTT'£ftG~ =4N (g + t) /3£T"#ftGS 

(4, AR/R, Hafc *GMR£Jltt$<9*?)flS<7>IIRr 

mm&mitt ft tMzmm-ti z t #t-# & t &*>ti 

ft*)?, Jf<7)iS:Ni4. 03*3 4:1/04 OSdtW^G ' £ 

mmitt mmzt m+i z t fttstt^* 

Kfcftfc&Mift. 

[004 0] EI9{4GMR-DMR* : Ftf3ffitf5Sai0iSr 
jjrf. C<0HatWTJ4. Th =NtC«(sS 40 

t ftiOT'&ft. Bt^-yTG - (4!Etttttic%$-?ffc 

fcfcttft (Mr Th ) flafcMHH*3*lS. 09 

fc*fu **K{s^ftjt»ttsw*2 4i0jj3*» 

go >g-e*6£fc##Srft. ZcDXolzmfrZMlt: 

go > gtffltettt, ffi^fcTOJssttma* 

t>B&LX r JI*j izX&mWsvyhfy^co^imti: 50 
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1 4 

fbNSfc-f * . , N = ± l # B (?) 

»ttliaW)3attS^4l»*S*l. GMR-DMRjfgf?) 

tffot-ft^H±*»«&£a | i3*ft. £<oi6*. 
^NattmJB 2 4 zmtihm^ •* v vm&h^mm 

ttg«S2 4*)ffiHT|i!S£ofc£JliaT< sine, 

4 ^)±ib^ feaaisfi fts$ 2 *g m Rmm<o<mm 

^miGMR^«^#ttfc{5S^i:^|,. f££<0 
*fW4. +^NWHI«1 2 4 U:£j£Olfffl 

mw.mj§ 2 4 {4 . a 0 ^nbcum 2 2 ct 0 1 «a 

[0 04 1 ] mi0ttZt>liZ®nXm*7iil* 2Nft 
2 2 fc. (2N+l)tt<flKtt!l6. 
18,20 fcflttft . BH^(34*&ttttJ| 2 8tf$t 
til. I«ii«T11 4>&®ttJ12 8t4, JPSto > 

tm?&n=ocoMmx-h&±nz®iRztL^ mm 
t*n=±i coetts^sss 4 tzteffimzin 

;WTXtffrfrhWtli$. -t%hh. <s i n<9n > 
= 0Oft©T'J>ft.(4\ Hbqc >Hafc +Hk fcttllf, 
+*Stt«2 8«4. RSt^MntKs i n9-,> 
= -<s i n^ n >£$^tfl)|gttWfflT'S)S. 

*£U iwnsfe^±awft!!^asMTi4. v^r^A 

(4^n +6»-„ = 02r)H^L, i^cOS^A-DMRv^ 
r^*fr*iSfcLTI4v^v^ 

<9-n = <9„M ±»T*6*&t:J4. — ^TO^^JiWffiR 

DMRj »£»J«t. ««iflrA-DMR«IBii:^*fcifi 
V vflOBfcltft-r ft - i: ft . 
[0042] i^fcA. ^aW*3R?*Stt»*^irt 
ftjt*tc*^-fey;*«aH&S (t^t>*>, Jopt =^3 

X10 8 arap/cm' ) tV^-afcftS. «3K«ttt^ 

Mit^x h out*. s^«**ff **^«»'^ r^ffi 

it^®c7) r^iX^ ( b u i 1 t - i n ) j ^ 
■ofeftS. KV^«K (£^50%. AR/R=1 0%) 

r-dmr^7 H(4, m&mz. Ift&ahtlX^h 

tats. 

[0043] i'<akdteGMR-DMRflf3a£S!!ii4fc 
{4«H-tft36». ii^®ttte-g- (5S«»S^*«B8S^) 
OJH^i<0ffl[«t S*> ^ T , DMR C«fe*«fl«pS: S £^ < 

r zmtiiGM Rmizft lx h ^mx-h i ^ xh o 

T, ZVZkii^ Hy 1 ton et a 1 j^p^tft 



(9) 

1 5 

ftitfJi-fft. *av^fc¥ffifcUTtt. *T£J¥*?Kft 

£H L£ 9 tft i Mfiitttih . 
[004 5] 

[f&BJ!0&£3 GMR-DMR£Jf$ti. ^FStl 10 

*MrftfFJ**fcU L*»t. GMRflffc) rg*j gjf^ 

WffiSfftBfc.fco'tfc&iXft. GMR-DM 
R«3S * J: o T£ £ ft 

ft. «*SffiODMR^>yKOH^S»«Sii. GM 
R-DMRtf>»teTti»§*u fHW^>GMR|M^(Cj: 

ft. GMR-DMR-fey-9-S^tiS^-y K£, IS? 

[01 3 t*r , J5'**l*v^lfflGMR!WI!ttf>ffl 
*R-HjeSil!rtlt*t«*Hfc, ffiK<7)2feoBSi«-r 
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1 6 

[H3 3 m«3QtWfcffi4GMR-DMR||£>\v 
HflB6«r*tBfIllElT»4. 

[04 3 »10)^Wfcfli4GMR-DMR#!im 
H^fc(tftg5^M 7*§*lfc2N|SW«ttJItf> 

$##8?#f*l0T'£>ft. 

[H5 3 2N=i ox*bz>GMR$!Bmzm«%*y 

^«SMF*jWffl Lfc«^tclW«KaiJES ftfc R - H 
ftitgi, IftaWi/aSU-v'a^KiftR-Hiailt* 

[H6 3 «Bao»Sr4GMR-DMR(?MR^JffStJt 
[H7 3 flBftcoWriGMR-DMROJS^JtSteW 

^770TS>ft, 

[083 fif jt^Pffr ft G M R — D M RH^fe-N <y K<DEI 

[093 fBOTlOtM *3r«lfiaE3rc* ft . 
[0103 § ^W3'J<7)H!Hffl£^tra0T'£>ft. 

10 GMR-DMR^7 Hifcli-feyiMIBft, 1 
2 £«L 14 IfflML 16, 18 wnttttm 

«. 20 mmmnm. 22 24 
*&H8tt*««. 28 30 #vf 

%mm. 32, 3 4 mau-HfliJtA^-y. 
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